The complete amino acid sequence of human muscle glyceraldehyde 3-phosphate dehydrogenase  by Nowak, Kornel et al.
Volume 134, number 2 FEBS LETTERS November 1981 
THE COMPLETE AMINO ACID SEQUENCE OF HUMAN MUSCLE GLYCERALDEHYDE 
3-PHOSPHATE DEHYDROGENASE 
Kornel NOWAK, Marian WOLNY and Teresa BANAS 
Department of Biochemistry, Medical School, ChaJubiriskiego 10,50-368 WroctOw, Poland 
Received 16 September 1981 
1. Introduction 3. Results and discussion 
The complete primary structure of glyceraldehyde 
3-phosphate dehydrogenase (EC 1.2 .1.12) from lob- 
ster [l], pig [2], yeast [3] and Bacillus stearothermo- 
phiZus [4] has been established. Here we report results 
obtained from the human muscle’enzyme. Our earlier 
studies [5,6] provided -70% of the sequence of the 
polypeptide chain. In particular, we report here the 
sequence of the remaining peptides not available in 
[5,6]. These peptides were obtained by cyanogen 
bromide cleavage [7] and o-iodosobenzoic acid frag- 
mentation [&lo]. The results are compared with 
those obtained from studies on glyceraldehyde 3-phos- 
phate dehydrogenase from other sources [l-4]. 
2. Materials and methods 
The enzyme was prepared from human muscle as 
in [6,1 I]. The thiol groups were blocked according to 
published procedures [ 121. Cleavage by cyanogen 
bromide (CNBr) was carried out by standard methods 
[13]. The resulting peptides were separated by col- 
umn chromatography (Bio-Gel P-l 0, P-60, P-l 00) and 
paper electrophoresis 171. For cleavage at the trypto- 
phanyl bonds the new procedure of protein fragmen- 
tation [S,9] was used [lo]. The enzyme, after o-iodo- 
sobenzoic acid fragmentation, was fractionated on a 
Sephadex G-5 0 (superfine) column (1.2 X 150 cm), 
equilibrated and eluted with 9% formic acid [lo]. 
Amino-terminal analyses were done with dansyl-chlo- 
ride and the dansyl-Edman technique was used to 
sequence small peptides. Amino acid analyses were 
done with an AAA-88 1 ammo acid analyser (Micro- 
techna, Prague). Techniques employed for further 
purification and subsequent analyses of peptides were 
as in [7,10]. 
The complete amino acid sequence of glyceralde- 
hyde 3-phosphate dehydrogenase (GPDH) from 
human muscle was deduced primarily from analyses 
of tryptic, cyanogen bromide and o-iodosobenzoic 
acid peptides prepared from the intact protein and 
encompassing its complete sequence. We had reported 
[5,6] the isolation and partial characterization of pep- 
tides obtained from trypsin digests of the performic 
acidoxidized protein. From the 334 amino acid resi- 
dues of GPDH from human muscle the sequence of 
297 amino acids was established. Among the peptides 
isolated by tryptic digestion the sequence of frag- 
ments: T-6 (25-42), T-8 (59-63), T-10 (70-77), 
T-12 (&l-102), T-19 (165-183), T-34 (269-306) 
and T-36 (3 13-320) was not established. Thus, a 
further chemical fragmentation was necessary. Pep- 
tides containing the whole sequence of the enzyme 
were isolated from cyanogen bromide and o-iodoso- 
benzoic acid digests by a combination of gel filtration, 
column chromatography and paper electrophoresis. 
The initial fractionation of cyanogen bromide-treated 
protein on Bio-Gel P-l 0, P-60 column yielded 7 pools 
containing peptides CB-1-7 [7]. Homogeneous pep- 
tide C&l (228-325) was isolated when fractions were 
pooled in 4 M urea and fractionated on Bio-Gel P-l 00 
column. The peptide was digested with trypsin and 11 
peptidesCB-l-T-1-11 were isolated by paper electro- 
phoresis. The amino acid composition of peptides CB 
l-T-9(269-306)isG,I,LY T E D V S N H F A 1 2 3 5 3 4 3 1 3 2. 
After treatment with chymotrypsin, cleavage occurs at 
position: 273,283,292, 300 and 304. These peptides 
were identified by paper electrophoresis and arranged 
in sequence according to their ammo acid composi- 
tion and amino-terminal residues. Peptides CB-2 and 
CB4 were digested with trypsin and the major pep- 
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tides CB2-T-7 and CB-4-T-7 were digested with 
chymotrypsin. The resulting fragments C&2-T-7- 
CH-1-3 and CB-4-T-6-CH-1-3 were isolated and 
sequenced. 
These results were confirmed by a new procedure 
of protein fragmentation [8,9] which was used to split 
the 3 tryptophanyl peptide bonds. We have succeeded 
in obtaining 4 homogeneous peptides OX-3 (2-84) 
01-2 (8%193) 01-l (194-310)and 01-4 (311-332) 
in one step purification procedure. Homogeneity was 
established by electrophoresis, paper chromatography, 
N-terminal analyses and peptides maps. Measured from 
the N-terminal, peptide 01-l was longer by 34 amino 
acids than peptide CB-1 and measured from C-termi- 
nal, was shorter by 14 amino acids. The amino acid 
sequence of this fragment was deduced as in [lo]. The 
major peptide 01-2 was digested with trypsin. The 
resulting fragmentsOI-2-T-1 (85-104) and 01-2-T-8 
(161-183) were treated with chymotrypsin and the 
obtained peptides 01-2-T-l -CH-1-3 and 01-2-T-8- 
CH-1-3 were sequenced. The peptide 01-4 (31 l-332) 
was treated with trypsin and the resulting fragments 
01-4-T-l ,2 were isolated and sequenced. 
In summary, the whole amino acid sequence of 
glyceraldehyde 3-phosphate dehydrogenase from 
human muscle has been determined (fig.1). The 
enzyme consists of 334 amino acids, and is longer by 
two amino acids, Gly-Lys residues, than pig muscle 
GPDH. Comparing the primary structure of GPDH 
from human muscle with that of GPDH from pig, lob- 
ster, yeast and Bacillus stearothennophilus enzymes, 
some similarities have been found between domain 1 
(2-l 49) responsible for binding and domain 2 
(150-332), the substrate binding domain (table 1). In 
GPDH from human muscle Cys-28 1 was not detected, 
but it is present in the enzyme from pig muscle. How- 
ever, His-303 is present in GPDH from pig, lobster, 
yeast and Bacillus stearothermophilus, but it is not 
detected in human muscle enzyme. In GPDH from 
human muscle only 40% (132 amino acids) of the resi- 
dues are the same as in the pig, lobster, yeast and 
Bacillus stearothermophilus enzymes; most of the sub- 
stitutions can be considered conservative and could 
result from single base mutations. It is also interesting 
that the amino acids: Cys-149, Ser-148, Thr-150, 
His-l 76, Lys-183 and Arg-2 3 1 which are essential for 
the enzymatic activity of GPDH do not change posi- 
tion in all types of glyceraldehyde 3-phosphate dehy- 
drogenase and were conserved during evolution. 
Table 1 
Identical sequence of glyceraldehyde 3-phosphate dehydrogenase from human muscle, pig, lobster, yeast and 
Bacillus stenrothermophilus 




V,R,A, V A 
Y D S,H G,V,D,G K 
I,E,N,W,S T G,F 
A,H,G A K 
1,A P,G V,K Y 
SNASCTTNCLAP 
A K V,F,I,G 
M T T V H,T,Q 
D,P,K,R,A,I P 
TGAAKAV,L 
P E L,G K L,G M A 
R V P T,V S V L D L,L,K 
K,A,E G,L 
G,L,Y,E,V S 
S S,D, A,V K 
SVYDNE 





71,76,81,84,95-97,99 T-l 1,12,13:CB-2:01-3 












309-314 T-35 :CB-1 :01-l 
316-318,320,321,323,324 T-35:CB-1,7:01-4 
Peptides from human 
muscle in which these 
sequences are found 
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